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Abstract. The clinical outcome of children with high-risk 
relapsed B-cell precursor acute lymphoblastic leukemia 
(BCP-ALL) is poor. The present study assessed the utility 
and prognostic value of selected microRNA (miRNA/miR) 
in BCP-ALL. The changes in the expression levels of these 
miRNAs regarding known gene lesions affecting lymphoid 
development [early B-cell factor 1 (EBF1), ETS variant 6 
(ETV6), IKAROS family zinc finger 1 (IKZF1), paired 
box 5  (PA X5 ),  cyclin dependent k inase inhibitor 
(CDKN) 2A/CDKN2B, retinoblastoma 1 (RB1), pseudoauto-
somal region 1 (PAR1), B-cell translocation gene 1 protein 
(BTG1)] were analyzed. The following miRNAs were 
analyzed: miR-24, miR-31, miR-128, miR-542, and miR-708. 
The present study focused on patients with deletions of the 
IKAROS transcriptional factor gene IKZF1, which is currently 
considered to be an independent negative prognostic factor 
for ALL outcome. It was demonstrated that the expression 
level of miR-128 was significantly lower in patients with 
IKZF1 deletion compared with patients without IKZF1 dele-
tion. Additionally, low expression of miR-542 was associated 
with CDKN2A/B and miR-31deletions, and low expression of 
miR-24 was associated with miR-31 deletion. Low expression 
of miR-31, miR-24, miR-708 and miR-128 was associated with 
PAX5 deletion, high expression of miR-24 and miR-542 was 
associated with PAR1 deletion and high expression of miR-708 

was associated with ETV6 deletion. The expression of the 
selected miRNAs was not associated with deletions of BTG1, 
EBF1 and RB1. These data, by emphasizing the association of 
miRNAs expression level with microdeletions, may assist to 
elucidate ALL biology and contribute to future studies on the 
possible applications of the miRNA profile for diagnosis.

Introduction

Acute lymphoblastic leukemia (ALL) is the most common 
cancer malignancy and the leading cause of cancer-associated 
mortality in children (1). Assessment of the risk of relapse is 
crucial in modern treatment protocols, as relapses are the main 
cause of therapeutic failure in childhood ALL. Despite investi-
gation of the clinical and cytogenetic predictors, there remains 
no sufficient marker enabling early identification of patients at 
high risk of relapse. Therefore, the molecular markers for risk 
assessment at the time of diagnosis and during the treatment 
course are urgently needed.

A particularly poor treatment outcome is observed in 
patients with B-cell precursor ALL (BCP-ALL) with t(9;22)
(q34;q11) translocation, and in patients with breakpoint cluster 
region/ABL proto-oncogene 1, non-receptor tyrosine kinase 
(BCR/ABL1)-like ALL subtypes (2). BCR/ABL1-like ALL 
exhibits a gene expression profile similar to BCR/ABL1-posi-
tive ALL, but without t(9;22) rearrangement (3). These 
leukemia subtypes are most commonly characterized by 
genetic abnormalities affecting the following pathways: 
Lymphoid development [early B-cell factor 1 (EBF1), ETS 
variant 6(ETV6), IKAROS family zinc finger (IKZF)1, LIM 
domain only 2 and paired box 5 (PAX5)]; signal transduction 
(ABL1, ABL2, cytokine receptor-like factor 2, colony stimu-
lating factor 1 receptor, erythropoietin receptor, interleukin 
7 receptor, janus kinase 2, platelet derived growth factor 
receptor β); and tumor suppression and cell cycle regulation 
[cyclin dependent kinase inhibitor (CDKN)2A/CDKN2B, reti-
noblastoma 1 (RB1) and tumor protein 53] (4).

Microdeletions and point mutations of the aforementioned 
genes are considered important factors in lymphoblast differ-
entiation and leukemia progression, but the final pathogenetic 
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effect is controlled by post-transcriptional regulators (5-7). 
Small noncoding RNA molecules (~22 base pairs), referred 
to as microRNA (miRNA/miR), are types of these regulators. 
miRNAs recognize a seed region in an mRNA sequence and 
destabilize mRNA by acting in a RNA-induced silencing 
complex, thereby inhibiting protein production (8). Evidence 
from previous studies indicates that miRNAs promote 
neoplastic transformation. In lymphoid cells, miRNA may 
serve a role in hematopoiesis, and in the development of 
leukemia by the suppression of tumor suppressor genes or 
stimulation of oncogenes (9,10). Dysregulation of miRNA 
expression is observed in leukemic cells and is potentially 
linked to drug resistance and poor outcome (11,12).

As aforementioned, miRNAs are involved in numerous 
processes at the transcription level, therefore their signature 
may reflect normal homeostatic processes as well as patho-
logical changes and leukemogenic disturbance. This suggests 
that miRNAs are potential biomarkers for early leukemia 
detection.

The present study aimed to identify miRNAs whose expres-
sion level variations may be associated with known molecular 
defects in childhood ALL. To preselect the miRNAs, bioin-
formatics tools were used for in silico miRNA analysis, such 
as Mircancer.ecu.edu, miRWalk data base, miRTarBase, and 
microRNA.org (13). Based on target prediction, a set of poten-
tial miRNA markers: miR-24, miR-31, miR-128, miR-542 
and miR‑708were identified, and then their expression levels 
were evaluated in a cohort of children with ALL and their 
association with known prognostic genetic lesions and clinical 
features of ALL.

Materials and methods

miRNA profiles. For the analysis of the miRNA profiles, 
5 miRNAs (miR-128, miR-542, miR-708, miR-24 and miR-31) 
were selected using bioinformatics tools and databases 
[miRCancer (14), miRWalk database (15), miRTarBase (16), 
microRNA.org (17)], and were selected using literature 
reviews (9-12). The mirSVR score was applied for ranking 
microRNA target sites by a downregulation score. The 
mirSVR is machine learning method based on regression 
modelling and was calculated based on seed-site pairing, 
site context, conservation and free-energy of the selected 
miRNAs (18).

Recruitment of patients. Children (<18 years old) with 
B-cell lineage ALL (B-ALL) and T-cell lineage (T-ALL) 
were recruited from the Caucasian Polish population at 
the Department of Pediatrics, Oncology, Hematology and 
Diabetology, Medical University of Łódź (Łódź, Poland), 
and cooperating Centres of Pediatric Oncohematology in the 
cities of Bialystok, Bydgoszcz, Gdansk, Katowice, Kielce, 
Olsztyn, Poznan, Szczecin, and Zabrze (Poland). Ethics 
committee approval was obtained from the Institutional 
Review Board of the Medical University of Lodz (number, 
RNN/226/11/KE//KE). All patients were diagnosed between 
May 2004 and March 2014 and treated according to ALL-IC 
2002 or 2009 protocols (19). Patients with a set of micro-
deletions, particularly IKZF1 defects, were preferentially 
enrolled into the study.

Minimal residual disease (MRD) monitoring. The bone 
marrow samples from patients with BCP-ALL were collected 
at three time points: At diagnosis and at 15 and 33 days of 
treatment protocol. The bone marrow samples from patients 
with BCP‑ALL were analyzed with 8‑color flow cytometry 
according to the protocols of the EuroFlow Consortium (20). 
These samples were processed according to the manufacturer's 
lyse and wash protocol (BD Biosciences, San Jose, CA, USA), 
with 1X FACS Lyse used for erythrocyte lysis (BD Biosci-
ences) and analyzed with FACSCanto II flow cytometer (BD 
Biosciences). To ensure a sensitivity level of ≥104, low-cellular 
samples were first subjected to erythrocyte lysis in 1X ammo-
nium chloride solution (Pharm Lyse; BD Biosciences) in a bulk 
lysis protocol. Subsequently, the suspension of leukocytes was 
stained in a single 8-color tube with antibodies adequate for 
the blasts'phenotype at diagnosis. The reproducibility of the 
obtained results was ensured by complying with the standard 
operating procedures developed by EuroFlow based on daily 
quality assessment with fluorescent beads (Sphero Rainbow 
Calibration Particles; Spherotech, Lake Forest, IL, USA). 
For data analysis, FACSDiva 6.1 software (BD Biosciences) 
was used. Patients with number of blasts in peripheral blood 
>1,000 on the 8th day following steroid administration were 
identified as steroid resistant.

DNA and RNA extraction. A total of 90 bone marrow samples 
were collected at the time of diagnosis (B-ALL, n=66; T-ALL, 
n=24). For DNA and RNA isolation, 300 µl bone marrow 
stored in TRIzol® reagent was used (Ambion; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA). The isolation procedure 
was performed according to the manufacturer's protocol.

Reverse transcription and expression. The RNA samples, 
isolated from bone marrow, were used for miRNA expression 
analysis, namely reverse transcription (RT) of miRNA to 
complementary (c)DNA, amplification of cDNA and detection 
by TaqMan probes in quantitative polymerase chain reac-
tion (qPCR). Each RT reaction was performed according to 
the manufacturer's protocol (TaqMan® MicroRNA Reverse 
Transcription kit; Thermo Fisher Scientific, Inc.) in 15 µl 
[7 µl mix, 3 µl primer (5X RT), 5 µl RNA sample]. The 
sequences of Stem-Loop RT primer target sequences and 
miRNA assay IDs are described in Table I. The amount of 
RNA used for each reaction was 40 ng/well (RNA concen-
tration, 8 ng/µl). RT-PCR was conducted under the following 
conditions: 30 min at 16˚C, 30 min at 42˚C, 5 min 85˚C and 
hold at 4˚C.

Each qPCR reaction was performed in duplicate, in 18 µl 
volumes (TaqMan® Gene Expression Master Mix 10 µl; 20X 
assay 1 µl; H2O 4 µl) with 3 µl of cDNA sample (8 ng). TaqMan® 
microRNA assays (Thermo Fisher Scientific, Inc.) were 
used to analyze specific miRNAs (hsa‑miR‑31, TM:002279; 
hsa-miR-24-2, TM:002441; hsa-miR-542-5p, TM:002240; 
hsa-miR-708, TM:002341; hsa-miR-128a, TM:002216). For 
normalization of PCR, as an internal control, U6 snRNA 
(TM:001973) was used. PCRs were conducted in duplicate 
under the following protocol: 2 min at 50˚C, 10 min at 95˚C, 
then 40 cycles of: 95˚C for 30 sec and 60˚C for 1 min.

The expression levels are presented as 2-∆∆Cq values, where 
∆Cq = Cq (reference) - Cq (miRNA of interest), which produces 
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a higher value for higher miRNA expression, facilitating its 
use and interpretation as a biomarker (21).

Multiplex ligation‑dependent probe amplification (MLPA). 
Copy number variations (CNVs) were identified by MLPA. 
Samples were screened for selected CNVs using P202-B1 and 
P335-B1 SALSA MLPA kits (MRC-Holland, Amsterdam, 
The Netherlands). These assays enable analysis of all exons 
of CDKN2A/B and IKZF1 genes, and selected exons of PAX5, 
BTG anti-proliferation factor 1 (BTG1), EBF1, ETV6, RB1, 
immunoglobulin heavy locus, IKZF2, IKZF3, metastasis 
associated 1 genes and the pseudoautosomal region 1 (PAR1) 
region. The MLPA procedure was performed according to the 
manufacturer's protocols.

Statistical analysis. Statistical analysis was performed using 
Statistical 12.5PL software (StatSoft, Inc., Tulsa, OK, USA). 
The distribution of variables was tested with the Shapiro-Wilk 
test and Kolmogorov-Smirnov test with Lilliefors correction. 
Due to the non-normal distribution of all analyzed variables, 
non-parametric tests were used and the results are presented 
as medians followed by interquartile ranges (IQRs). P<0.05 

was considered to indicate a statistically significant differ-
ence. Categorical variables were compared using the χ2 test or 
Fisher's exact test. Continuous variables were compared using 
the U Mann-Whitney test to analyze differences between two 
groups and the Kruskal-Wallis along with post hoc (Dunn's) 
test to analyze differences between more than two groups. The 
R Spearman's correlation was used to analyze correlations 
between continuous variables.

Results

Study group characteristics. A total of 90 children were 
recruited, of which 24 (26.67%) were diagnosed with T-ALL 
and 66 (73.33%) were diagnosed with B-ALL (Table II). In the 
B-ALL group, 2 patients (3.23%) exhibited a BCR/ABL fusion, 
1 (1.67%) exhibited a mixed lineage leukemia (MLL)/AF4 
fusion and 11 (19.64%) exhibited ETV6/runt related transcrip-
tion factor 1 (RUNX1) fusions. BCR/ABL, MLL/AF4 and 
ETV6/RUNX1 fusions were not identified among the patients 
with T-ALL.

Microdeletions were determined in 83 (92.22%) 
patients (Table III). IKZF1 deletions and ETV6 deletions were 

Table II. Clinical characteristics of the study population.

Variable Total T-ALL B-ALL P-value

Total 90 24 66 
Sex    0.16519
  Male, n (%) 59 (65.56) 19 (79.17) 40 (60.61) 
  Female, n (%) 31 (34.44) 5 (20.83) 26 (39.39) 
Age at diagnosis, years(IQR) 8.36 (3.62-12.88) 8.87 (3.22-13.05) 8.05 (3.79-12.73) 0.98908
WBC, x103/µl (IQR) 26.65 (6.36-88.10) 108.85 (29.74-279.01) 14.13 (4.45-53.00) 0.00008
MRD at day 15, % (IQR) 1.06 (0.13-9.50) 4.2 (0.83-29.30) 0.61 (0.07-5.25) 0.00740
Resistance to steroids, %    0.01456
  Positive (IQR) 14 (15.55) 8 (33.33) 6 (9.09) 
  Negative (IQR) 76 (84.44) 16 (66.66) 60 (90.91)

Nominal variables are presented as numbers with percentages in brackets and compared using the χ2 test, while continuous variables are 
presented as medians with interquartile ranges in brackets and compared using U Mann‑Whitney test. Steroid resistance was defined as a 
peripheral blood blast count>1,000 in 8th day of treatment. WBC, white blood cells; MRD, minimal residual diseases (measured as percentage 
of leukemic cells in bone marrow); T-ALL, T-cell lineage acute lymphoblastic leukemia; B-ALL, B-cell lineage acute lymphoblastic leukemia.

Table I. miRNA assay identities and target sequences.

miRNA Assay identity Target sequence

hsa-miR-31 TM:002279 5'-AGGCAAGAUGCUGGCAUAGCU-3'
hsa-miR-24-2 TM:002441 5'-UGCCUACUGAGCUGAAACACAG-3'
hsa-miR-542-5p TM:002240 5'-UCGGGGAUCAUCAUGUCACGAGA-3'
hsa-miR-708 TM:002341 5'-AAGGAGCUUACAAUCUAGCUGGG-3'
hsa-miR-128A TM:002216 5'-UCACAGUGAACCGGUCUCUUU-3'
U6 snRNA TM:001973 5'-GTGCTCGCTTCGGCAGCACATATACTAAAATTGGAACGATACAGAGAAGATTA
  GCATGGCCCCTGCGCAAGGATGACACGCAAATTCGTGAAGCGTTCCATATTTT-3'

miRNA/miR, microRNA.
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more common in patients with B-ALL compared with patients 
with T-ALL (40.63% vs. 10.53%, P=0.0147 and 24.28% 

vs. 0%, P=0.029). No other significant differences in the 
microdeletion profiles between T-ALL and B-ALL were 
observed.

The expression levels of all selected miRNAs were measur-
able in 76 (84.44%) of selected samples. A comparison of the 
expression levels of the selected miRNAs between T-ALL 
and B-ALL patients revealed that patients with B-ALL were 
characterized by significantly elevated level of miR‑708 and 
decreased level of miR-542 (P=0.0144 and P=0.0380, respec-
tively; Fig. 1).

Due to the small number of patients with T-ALL with 
microdeletions, the expression levels of miRNAs with the 
microdeletion status were compared only within the group 
of patients with B-ALL. It was identified that the expres-
sion level of miR-128 was lower in patients with IKZF1 
deletions compared with patients without IKZF1 deletions 
(P=0.0265, Fig. 2A). Deletions of CDKN2A/B and MIR31 
were associated with low expression of miR-542 in compar-
ison with patients without deletions (P=0.0319 and P=0.0021, 
respectively; Fig. 2B). Patients with PAX5 deletions exhibited 
significantly lower expression levels of miR-31, miR-24, 
miR-708 and miR-128 in comparison with patients without 
deletions of PAX5 (P=0.0368, 0.0115, 0.0312 and 0.0118, 
respectively; Fig. 2C). Large deletions in the 9p21 chromo-
somal region, encompassing CDKN2A, CDKN2B and MIR31 
deletions, were also associated with low expression of miR-24 
(P=0.0067; Fig. 3A). Deletions in the PAR1 region were asso-
ciated with high expression levels of miR-24 and miR-542 
(P=0.0434 and 0.0425; Fig. 3B and C, respectively). Deletions 
of ETV6 were associated with a high expression of miR-708 
(P=0.0341, Fig. 3D). There was no association between the 
expression levels of selected miRNAs and deletions of BTG1, 
EBF1, or RB1 observed.

Correlation analyses revealed a negative correla-
tion between age at diagnosis and miR‑542 (R2=-0.26, 
P=0.043), and between MRD at day 15 and miR‑31 (-0.32, 
P=0.017) and miR‑708 (-0.32, P=0.016) in patients with 
B-ALL (Table IV). There were no statistically significant 
associations with sex, WBC or resistance to steroid therapy 
observed.

Table III. Microdeletion profiles among included patients.

Microdeletion locus All T-ALL B-ALL P-value

IKZF1 28 (33.73) 2 (10.52) 26 (40.62) 0.01468
CDKN2A/B 51 (61.44) 13 (68.42) 38 (59.37) 0.65777
MIR31 18 (23.07) 3 (18.75) 15 (24.19) 0.75102
PAX5 16 (20.00) 2 (11.76) 14 (22.22) 0.50036
PAR1 19 (26.76) 3 (23.07) 16 (27.58) 1.00000
ETV6 17 (24.28) 0 (0) 17 (29.82) 0.02876
BTG1 5 (7.14) 0 (0) 5 (8.77) 0.57571
EBF1 5 (7.14) 0 (0) 5 (8.77) 0.57571
RB1 10 (14.08) 2 (15.38) 8 (13.79) 1.00000

Categorical variables were compared using the χ2 test. All data presented at the number of deletions with percentages in brackets. IKZF1, 
IKAROS family zinc finger 1; CDKN2A/B, cyclin dependent kinase inhibitor 2A/B; MIR31, microRNA 31; PAX5, paired box 5; PAR1, pseu-
doautosomal region 1; ETV6, ETS variant 6; BTG1, B-cell translocation gene 1 protein; EBF1, early B-cell factor 1; RB1, retinoblastoma 1.

Figure 1. A comparison of the miR-708 and miR-542 expression levels 
between T-ALL and B-ALL patients. (A) P-value refers to the statistically 
significant difference in the expression level of miR‑708 between patients 
with T‑ALL and B‑ALL. (B) P‑value refers to the statistically significant 
differences in the expression level of miR-542 between patients with T-ALL 
and B-ALL. miRNA expression levels are presented as 2-∆∆Cq value. Bold line 
represents median, whiskers represent interquartile range and dots represent 
raw data. miRNA, microRNA; T-ALL, T-cell lineage acute lymphoblastic 
leukemia; B-ALL, B-cell lineage acute lymphoblastic leukemia.
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Discussion

The data of the present study indicate that selected miRNAs: 
miR-128, miR-542, miR-708, miR-24 and miR-31, are asso-
ciated with the ALL immunophenotype and microdeletion 
status of crucial genes affecting lymphoid development and 
cell cycle regulation.

Firstly, it was identified that the expression of miR‑128 was 
lower in patients with IKZF1 deletions in comparison with 
patients without these deletions. IKZF1 encodes Ikaros protein, 
which has a key role as a transcription factor in lymphocyte 
differentiation (22). Ikaros influences more than half of the 
known genes associated with hematopoiesis and early B-cell 
development (23). IKZF1 deletions are associated with a poor 
outcome in high-risk groups of pediatric patients (24,25). In a 
comparison between normal controls and patients with AML, 
an increased expression of miR-128 in patients with ALL 
has been suggested (26). Altered miR-128 expression may 

discriminate ALL from adult myeloid leukemia and normal 
bone marrow samples (27-30). Notably, Mi et al (27) revealed 
that the differential expression of miR-128 in acute leukemia 
is not a consequence of an altered genomic DNA copy number, 
and suggested that this miRNA is also under other types of 
DNA epigenetic regulation. The association between the lower 
expression of miR-128 and steroid resistance was not evalu-
ated in the present study. In these and other previous studies, 
miR-128 expression did not correlate with other biological and 
clinical features (28,31). The role of miR‑128 insufficiency in 
the pathogenesis and response to treatment in patients with 
IKZF1-deletion ALL should be additionally examined with 
large-scale pediatric patients with ALL.

Lower miR-128 expression was detected in patients with 
deletion of another transcriptional factor gene, PAX5. Patients 
with PAX5 deletions exhibited significantly lower expression 
levels of miR-31, miR-24 and miR-708 in comparison with 
patients without PAX5 deletions.

Figure 2. A comparison of the microRNAs expression levels with respect to IKZF1, CDKN2A/B, MIR31 or PAX5 deletion status. P-values refer to the statisti-
cally significant difference in the expression level of: (A) miR‑128 with respect to IKZF1 deletion status; (B) miR-542 with respect to CDKN2A/B and MIR31 
deletion status; and (C) miRNAs expression level with respect to PAX5 deletion status in patients with B-ALL. Expression levels are presented as 2-∆∆Cq 
value. Bold line represents median, whiskers represent interquartile range and dots represent raw data. miRNA, microRNA; B-ALL, B-cell lineage acute 
lymphoblastic leukemia.
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Compared to patients with T-ALL, a high expression of 
miR-708 and a low expression of miR-542 was observed in 
patients with B-ALL. miR-708 was overexpressed in patients 
with ETV6 deletions, and this gene is involved in lymphoid 
development (32). These miRNAs were negatively correlated 
with MRD status at day 15 of the therapeutic protocol. Higher 
MRD was associated with lower miR-708. The investigation 
of miR-708 performed by de Oliveira et al (33) revealed lower 
miR-708 expression in normal bone marrow samples compared 
with ALL samples. In their study, miR-708 expression was not 

associated with clinical features, such as white blood cell level, 
bone marrow blast infiltration, steroid resistance, or central 
nervous system or testis involvement. Han et al (34) revealed 
a correlation between miR-708 and the response to glucocor-
ticoid therapy, and suggested that low miR-708 expression 
was associated with higher risk of leukemogenesis or relapse. 
Higher miR‑708 expression has been identified in patients with 
transcription factor ETV6‑acute myeloid leukemia 1 protein, 
breakpoint cluster region-abelson tyrosine-protein kinase 1 
(BCR‑ABL1), 3-pre-B-cell leukemia transcription factor 1, 

Table IV. Correlation analyses.

Variable miR‑31 miR‑24 miR‑708 miR‑542 miR‑128

Age at diagnosis -0.11 -0.19 -0.16 ‑0.26c -0.16
WBC at diagnosis -0.08 0.09 -0.05 -0.03 0.09
MRD_15 ‑0.32a -0.11 ‑0.32b -0.11 -0.19
MRD_33 -0.05 0.11 0.02 0.16 -0.01

Quantitative variables were compared using Spearmann's correlation analyses. We present all correlation coefficients bolded and followed by 
asterisks if significant. a, b and c stand for P=0.043, P=0.016, P=0.017, respectively. WBC, white blood cells; MRD, minimal residual disease.

Figure 3. A comparison of the microRNA's expression levels with respect to 9p21, PAR1 and ETV6 deletion status. P‑values refer to the statistically significant 
difference in the expression level of: (A) miR-24 with respect to 9p21 large deletion status; (B) miR-24 with respect to PAR1 deletion status and (C) miR-542 
with respect to PAR1 deletion status in patients with B-ALL (D) miR-708 with respect to ETV6 deletion status. Expression levels are presented as 2-∆∆Cq 
value. Bold line represents the median, whiskers represent interquartile range and dots represent raw data. miRNA, microRNA; B-ALL, B-cell lineage acute 
lymphoblastic leukemia; PAR1, pseudoautosomal region 1; ETV6, ETS variant 6.
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hyperdiploid and ʻB‑otherʼ ALL (B‑cell ALL patients without 
aforementioned defects) compared with MLL-rearranged 
B-ALL and T-ALL cases (12,35). In another study, Li et al (36) 
demonstrated that miR-708 was overexpressed in small groups 
of Chinese common precursor patients with B-ALL: Expres-
sion of miR-708 was higher in the high-risk group compared 
with the intermediate-risk group.

In the present study, deletions in the 9p21 chromosomal 
region (CDKN2A and CDKN2B, MIR31) were associated with 
a lower expression of miR-542 in comparison with patients 
without deletions. miR-542 regulates the DNA repair/notch 
pathway in epithelial prostate cancer, and functions as a 
tumor suppressor in neuroblastoma (37,38). This miRNA may 
positively regulate tumor protein 53 (p53) activity (39). The 
homozygous loss of the miR-31 gene is described in 9p insta-
bility in ALL (40). The 9p instability is detected in 19% of 
patients with ALL, and always includes the homozygous loss 
of CDKN2A along with loss of CDKN2B, which are associ-
ated with BCR/ABL1 and IKZF1 dysfunction (40-43). A lower 
expression of miR-542 is associated with a deletion of the 9p 
region. Schotte et al (12) demonstrated that miR-542 was 1 
of 6 significantly upregulated miRNAs in T‑ALL compared 
with normal thymocytes. Reduced expression of miR-542 and 
its role in B-ALL biology requires additional examination, as 
the current literature regarding miR-542 expression in ALL 
and lymphoproliferative diseases is limited. The present study 
also identified that deletions of MIR31were associated with a 
low miR-24 expression. miR-24 serves a role in the response 
to DNA damage, and may enhance apoptosis by targeting 
B-cell lymphoma 2 (44,45). miR-24 potentially reduces 
cellular viability and induces apoptosis in combination with 
docetaxel (46). High expression of miR-24 also correlates with 
the response to DNA damage and apoptosis in cells treated 
with etoposide (47).

The present study observed altered miR-24 expression in 
patients with ALL with deletions in PAR1. PAR1 deletions 
are frequently observed in patients who are positive for IKZF1 
deletion (40). High expressions of miR-24 and miR-542 in 
patients who are positive for PAR1 deletion were detected. The 
expression level of miR-24 in patients with acute leukemia is 
higher compared with the healthy individuals, and is associ-
ated with shorter overall survival, high risk of relapse and poor 
survival (48).

Notably, the present study demonstrated that the lower 
expression of miR-31 and miR-708 was associated with a high 
MRD level and positive PAX5 mutation status. It should be 
emphasized that those two investigated miRNAs (miR-31 
and miR-708) negatively influence the NF-κB signaling 
pathway, which has a role in B-cell receptor activation (49). 
Aberrant B-cell receptor activation leads to a number of 
lymphoid malignancies (50). At present, targeted therapies are 
focused on the inhibition of BCR signaling (51,52). miR-708 
strongly represses NF-κB signaling in chronic lymphocytic 
leukemia (53). miR-31 in adult T-ALL negatively regulates 
the NF-κB pathway by targeting NF-κB inducing kinase (54). 
Based on this, it is hypothesized that the loss of activity of 
these miRNAs may serve a role in the pathogenesis of ALL, 
and in treatment failure.

Certain issues must be taken into consideration when 
interpreting the present data. One of the most conspicuous 

points is the mutation profile of the patients. The mutation 
rate in the study population is inconsistent with that of the 
general population, which is a consequence of the enroll-
ment criteria. Patients with IKZF1 deletions were enrolled 
with priority as the present study was designed to focus 
on high-risk patients such as patients with BCR/ABL1-like 
ALL. Another important issue is the underrepresentation 
of patients with T-ALL, and these patients were excluded 
from the majority of additional analyses. However, differ-
ences in the biological features between B-ALL and T-ALL 
were demonstrated. Data from another study suggesting that 
patients with B-ALL, in comparison to T-ALL, were charac-
terized by lower white blood cell counts at diagnosis, lower 
MRD at day 15 of the therapeutic protocol and greater sensi-
tivity to steroid treatment were also confirmed by the present 
study. Finally, it was not possible to elaborate the activity of 
all selected miRNAs in all the investigated samples. Despite 
this, the expression levels of at least 4 selected miRNAs were 
successfully measured in 84 patients (93.33%). To the best 
of our knowledge, this is the first study estimating selected 
miRNA expression, genetic defects and clinical features in 
pediatric ALL subtypes. These data indicate that an aber-
rant miRNA pattern is associated with ALL types, and that 
microdeletions are commonly observed in high-risk patients 
with B-ALL.

As demonstrated in the present study, identifying the 
miRNA expression status in patients with ALL may be useful 
for elucidating the mechanisms of the disease. miRNAs may 
be used as molecular markers to assess risk of leukemia 
relapse, at the time of diagnosis, and to tailor specific therapies 
to the individual patient. Additional studies with larger cohorts 
are needed to examine the potential use of these miRNAs 
(miR-128, miR-542, miR-708, miR-24 and miR-31) as markers 
of genetic lesions.
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